Carcasses of 154 hogs representing seven genotypes with substantial variation in carcass composition and percentage of lean were completely dissected and analyzed. Measurements from a ruler, Hennessy probe, and electromagnetic scanner were each used to predict wholesale and lean boneless carcass value. Error, defined as dissected value minus predicted value, due to the omission of sex, genotype, weight, and their interactions was estimated for each model. The errors were significantly different from zero for the models using ruler and electromagnetic scanning measurements separately ( P < .O 1). Errors due to sex, genotype, weight, and their interactions were greatest for the less lean barrows. A combination of probe and electromagnetic scanner measurements resulted in the least error. The value of barrows with low percentage of lean was consistently overpredicted, whereas the value of leaner gilts was underpredicted for the models using ruler and electromagnetic scanning separately ( P < .001).
Introduction
Packers purchase market hogs by quoting a base hundredweight price regardless of genotype, sex, or weight. Typically, premiums and discounts are used to provide differential prices between carcasses with different quality attributes such as backfat depth, percentage of lean in the carcass, or weight. Pricing systems of this sort are commonly called carcass merit systems. Jekanowski and Akridge (1994) reported that 36% of the U.S. market hogs were sold on carcass merit pricing programs in 1992.
Carcass merit pricing programs use a variety of evaluation technologies to estimate pork carcass composition. These technologies include rulers, optical probes, ultrasonic imaging, and electromagnetic scanning. Regression equations are used to convert the readings of these devices into percentage of lean or weight of lean. There is some evidence that suggests that these prediction equations may not be able to account for differences with respect to genotype (Gu et al., 1992) .
This research compared the error due to sex, genotype, carcass weight, and their interactions for three carcass evaluation technologies. This research extended previous work by testing the significance of error with respect to these variables and their interactions.
Materials and Methods
The data are from the 1991 Purdue Swine Cooperative Lean Growth Trial. The regression equations for the four models presented in Boland et al. (1995) for predicting wholesale and lean boneless value/100 kilograms were used in this analysis. The technologies employed in this study were ruler, Hennessy optical probe, and electromagnetic scanning. Briefly, the four models were as follows: If there is a joint distribution between the included variables ( X I ) and the excluded variables (x2) such that E(x2 1x1) is a linear relationship then the predicted value from the regression is an unbiased predictor of the dissected value/100 kg. A test of bias must be constructed from omitted variables for each of the competing predictors of value/100 kg.
Two competing stacked regressions were conducted for each model and the seven genotypes. The first ET AL. where v1 and v2 are the residual errors. The null hypothesis of this test is that the parameters are the same in both models, which is equivalent to a hypothesis of no bias in the model predictions. A test by Chow ( 1960) on the error sums of squares from the restricted and the unrestricted model was used t o test this hypothesis. The F-statistic for Chow's (1960) test is as follows:
where SSE, is the restricted error sum of squares, SSE, is the unrestricted error sum of squares, q is the number of restrictions, n is the sample size, and k is aError is defined as the least square means of residuals (observed minus predicted value). A negative value signifies overestimation and bL1 = synthetic hybrid; L2 = commercial terminal cross; L3 = commercial terminal cross; L4 = commercial terminal cross; L5 = Duroc x CRULER = measurement from a ruler; PROBE = Hennessy probe; and EMSl and EMS2 = models using electromagnetic scanning dlOO, 115, and 130 correspond to kilograms of live weight.
vice versa. Measured in $/l00 kg.
(Large White x Landrace); L6 = Landrace x (Yorkshire x Duroc); and L7 = commercial terminal cross.
measurements.
the number of regression coefficients. All statistical procedures were done in SAS 6.0 ( 1990 j using the GLM, IML, REG, and SYSLIN procedures.
Results and Discussion
Although significant differences in carcass traits exist between gilts and barrows, previous research is mixed with respect to significant lean weight between gilts and barrows. Engelman et al. (1953) demonstrated that primal cut yields are different between barrows and gilts. Pearson et al. (1970) noted that separate equations should be used to value barrows and gilts, respectively. Grisdale et al. (1984) found that sex was a significant factor ( P < .OO 1) in predicting carcass lean (fat standardized to lo%), aRULER = measurement from a ruler; PROBE = Hennessy probe; and EMSl and EMS2 = models using electromagnetic scannin measurements.
FP < .lo.
*P < .05.
(1990) reported contrary results. Rae et al. (1985) found genotype and sex errors using a fat depth measurement to predict lean. With respect t o genotype error, Sather et al. (1989) reported significant error at heavier weights in three optical probes (Hennessy, Destron, and Fat-0-Meater@) . Branscheid and Sack ( 1988) reported that genotype errors for three breeds existed when evaluated using three different optical probes.
The errors (wholesale value minus predicted wholesale value) are reported in Table 2 by genotype, sex, and weight. The value of L1 and L5 barrows, two of the lowest valued as measured by fat-free percent lean, were overestimated ($-1.42 to $-6.66, $-3.25 to $ 4 . 7 0 ) . The EMSl model was improved by adding a backfat value (i.e., EMS2). The PROBE and EMS2 models resulted in the least average sex error as evidenced by the $.39 (gilts) and $-.76 (barrows) and $.33 (gilts) and $-B2 (barrows) difference, respectively. The same conclusions for error due to genotype, sex, weight, or their interaction with respect to predicting lean boneless value are presented in Table  3 . The RULER and EMSl models suggest that packers would have significantly overpaid for the barrows and underpaid for the gilts.
The F-test statistics for testing the significance of the errors are presented in Tables 4  and 5 for wholesale and lean boneless value, respectively. The null hypotheses of sex, genotype, or weight error (or any combination of interaction terms) in the PROBE and EMS2 models were rejected at P = .001. The most error was observed in the RULER model where sex, genotype, and weight by genotype error were significant at P = .01. This occurs because the ruler measurement of backfat at the last rib is not as highly correlated with value as a backfat measurement taken at the thirdfourth from the last rib. Ruler last rib measurement is used in packing plants with rapid line speeds as it is easier for an employee to locate and measure.
Significant genotype and sex errors were noted for the RULER and EMSl models. Significant interactions between weight, and genotype and sex were observed. The addition of a backfat measurement reduces the TYPE I11 sum of squares due to genotype and sex by more than 200% in both the wholesale and lean boneless carcass value models. A similar reduction of lesser magnitude ( 100%) was noted for the interactions with the weight variable. The test by Chow ( 1960) for determining parameter constancy between the restricted (Equation [2al) and unrestricted (Equation [2bl) models was rejected for the RULER model a t P = .l0 (Table 6 ). This rejection suggests that the individual equations were not the same for the dissected and predicted value in the RULER models. These models predicted a different carcass value/100 kg for each carcass when separated by genotype, sex, and weight. This result might be due to the inability of a single ruler measurement to predict carcass value accurately. That is, bias exists in the predictions formed from Equation [la] from Boland et al. (1995) .
The null hypothesis, however, was not rejected for the PROBE, EMS1, and EMS2 models. This implies that the parameter estimates were the same for these two models when used to predict wholesale and lean boneless carcass value in these data. The results for the EMSl model were somewhat unexpected given the genotype and sex errors found earlier. This may suggest that more research is needed to perfect the EMSl model.
Packers can employ several strategies t o minimize error due to genotype and sex. Hog procurement systems can be implemented to minimize the variability in carcasses. One method is to slaughter only certain genotypes with similar carcass traits (i.e., lean, heavy muscular hogs).
Another method is to develop prediction equations for different genotypes or separate equations for gilts and barrows. This may be easier for packers to implement with optical probes given space and cost constraints in packing plants.
Using relatively accurate carcass evaluation technologies (or combinations thereof) is another strategy packers may use t o minimize errors. This study has reinforced the conclusion reported by Akridge et al. ( 1992) that a combination of EMS and an optical probe measurement of backfat thickness predicts a more accurate measure of wholesale and lean boneless value.
Another strategy would be to combine hog procurement strategies with a carcass evaluation technology. For example, a packer purchasing only certain genotypes from several large producers could develop optical probe equations for each genotype. Prediction equations developed from optical probe measurements for a single genotype estimate lean or percentage of lean relatively accurately in laboratory experiments. Cut-out trials conducted in the packing plant could be conducted periodically to update probe equations to account for genetic progress and increased percentage of lean.
Implications
Investment in strategies to minimize error are dependent on a packer's supply of raw material, product, and expected end use of the carcass. Packers who are able to sort and evaluate carcasses with respect to genotype, sex, or weight would be able to send more accurate price signals to producers regarding leanness. Efforts to improve the ability of carcass evaluation technologies to reduce these errors should be encouraged.
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